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Utilizing Automation

to Reduce Setup and Changeover Time in a Just-in- Time
Environment- An Empirical Study

ABSTRACT
The purpose of this research is to examine the effects of automation on setup and
changeover times associated with the Just-in- Time environment. Several automation
methods will be evaluated to determine if there are statistical differences between firms
that implement automation techniques and firms that do not.

INTRODUCTION
Just-in-time systems have brought great change to manufacturing in the 1990's.
After the roots were set preceding World War IT, Just-in-Time manufacturing has
perplexed many industries and minds. The whole idea of the pull system, which consists
of supplying products or services at the point when they are demanded has always been
an economical dream. However, actually carrying out these actions has always been the
ultimate question for manufacturers.

Until recently, the traditional push system has

provided products and services at rates that have been acceptable. Today, new products
and services are demanded immediately. This has brought about the current emphasis of
Just-in- Time philosophy.
Just-in- Time philosophy emphasizes reducing setup and changeover times. The
operation of setup and changeover times provides no value to a product as a whole.
Consequently, the time it takes to carry out setup or changeover operations is less time
spent on producing products or services. It is evident that the opportunity cost of setup
and changeover times are viable enough to give attention to. Provided the ideology of the
Just-in- Time philosophy of many short production runs, it is plain to see that costs will

add up substantially over a period of time. Many companies have successfully decreased
setup and changeover times based on continuous improvement techniques.
In addition, this is ultimately true for lot size reduction and many other elements
of Just-in- Time implementation.

As products are demanded more rapidly it is the job of

the Just-in- Time manufacturing system to produce and distribute the goods as fast as
possible. Manufactures have turned to automation to meet demanding schedules.
Automation can increase output substantially and give consistent quality over long
periods of time. While helping to reduce overall cost. With this in mind, it seems
probable that automation could be utilized in reducing setup and changeover times as
well as costs. As production runs in Just-in- Time systems shorten and become more
frequent, the need to reduce lot sizes is evident, as well as to make quicker changeovers
between runs. Automating essential elements of Just-in- Time processes will provide
more efficient production, including smaller product cycle times. As a whole it will
reduce the total time that a product takes to manufacture and arrive to the customer.
The purpose of this paper is to examine if a Just-in-Time environment and
automation techniques have proven benefits in reducing the time allocated to setup and
changeover.

LITERATURE REVIEW
Based on all selected readings it is straight forward that setup and changeover
time reduction is necessary for successful Just-in- Time implementation
(3,7,8,10,11,12,15,17,19,25,27).

Beginning with Kupanhy's article where he states that
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the first step in manufacturing is determining how to setup the process and exchange it
with others quickly(15). This is a basis for design, which then can be followed up with
continuous improvements in all areas as time goes on. This first step is very important in
the success of a Just-in- Time system. Kupanhy also states that quick setup is necessary
for the Just-in- Time Kanban system to work efficiently. As the Kanban card is issued,
the tools and resources need to be in the right place at the right time. As emphasized by
Cusumano(7), Saraph and Guimaraes(19), and Phillips and Ledgerwood(17)
manufacturing needs to be carried out in small lot sizes and shorter production runs to
remain flexible to changes in demand. This is the basic premise of Just-in- Time
manufacturing of optimal or preferred lot size equal to one. A lot size of one will allow a
manufacturer to always produce what is needed with zero inventory and zero work in
process. Based on the small lot sizes and reduction of setup and changeover time,
Hendricks explains that performance measures should be associated with this form of
Just-in- Time manufacturing to allow the results to be compared to some type of
standard(10).

The measuring of performances in areas of changeover time reduction can

give a manufacturer an inclination if something is correct or wrong. Again this is
emphasizing the need for the short setup/changeover times.
Case studies have been researched at certain companies that have emphasized
setup and changeover time reductions. Specifically, a case study on a Texas Instruments
plant in Florida revealed many benefits to setup and changeover time reduction due
mostly to continuous improvement techniques and common sense(8). On the other hand
a case study done on an automotive stamper in Manchester, Tennessee has spent millions
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of dollars to develop and build an automated die retrieval system(12). In both cases time
and money were saved; however, substantial gains in time were more evident with the
automated system. In order for a Just-in-Time business to maximize setup time
reductions it might be profitable to attempt many forms of automation, including
automation in areas that are affecting setup and changeover times.

IMPORTANCE OF RESEARCH
Based on close review of the literature, it is evident that Just-in-Time philosophy
provides many benefits to manufacturing. However, in order to relate this to setup and
changeover time reduction, research on automation must be carried out to explore if any
benefits are evident in a Just-in- Time environment. Many companies have started using
automated methods for setup and changeover processes. Although these technologies are
relatively new, it is important to determine if the methods are reducing setup and
changeover time. Moreover, it is important to determine if those firms employing a Just-inTime approach to manufacturing are decreasing their setup and changeover times. Overall,
ifthe findings are conclusive that implementing automation in a Just-in-Time environment
can reduce operating cost, then application to other companies or industries would be
logical.
Many authors and researchers have provided data on setup time reduction in ways
explained by "one-touch setup", "single setup", or "SMED". In some cases great reductions
have been experienced by firms utilizing these concepts; however, the research is
attempting to prove that Just-in- Time systems require new methods for setup and
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changeover processes. Consequently, statistical examination of Just-in- Time manufacturing
firms in the United States are needed to determine if they are effectively using these
methods. Based from these conclusions, the actual benefits of Just-in- Time systems and
automation of setup and changeover can be employed in these firms.
If the results conclude that United States companies are successful in cost savings
and supply of products quicker, then implementation in other industries and countries is
possible. Verification through in-depth research could be carried out to determine just how
the United States has implemented production methods that made them competitive. In
addition, the actual methods that the United States firms used to become successful could
possibly be exposed to assist other areas. If this information becomes available through
this research, other United States firms could become much more competitive.
Many authors have written about case studies and their benefits of implementing
automated systems. Currently, no research has been done on whether automation in a Justin-Time environment has proven to benefit those firms that are applying it. Therefore, this
research will determine if United States firms exhibit a statistical significance in the
implementation of automation in Just-in- Time environment, through an empirical study.

RESEARCH METHODOLOGY
This research is being employed to see if automation techniques are providing
benefits to Just-in- Time manufacturing users. Also, the research will attempt to pin-point
anyone automation technique that has proven success in manufacturing firms that have
implemented it. The findings should exhibit the following:
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1. Overall benefits of Just-in- Time on setup/changeover procedures, and
2. Just-in- Time automation techniques that have been effective in improving the
setup/changeover procedures.
ill order to carry out effective results, the research needs to be ftmdamentally
established by current standards of Just-in- Time and Total Quality Management. Basic
Just-in-Time philosophy is to identify and remove sources of waste and inefficiencies(nonvalue added activities) in the production process. The success of doing so is reflected in the
ability to produce and deliver exactly what is needed when it is needed. This will also
create a need for achieving a smooth, rapid flow of materials through the production
process. This is carried out by implementing a pull system of production. The pull system
will produce products in response to need, rather than in anticipation of future need.
Basically, demand will pull small lots through the system in order to keep with sudden
changes in demand. Necessities to develop a pull system include:
1. Value added manufacturing. Eliminating all wastes involved in manufacturing a
product. All time contributed to manufacturing needs to provide value to that
product. Any other time(i.e. Inventory, work-in-process, materials movement) is
considered waste and needs to be eliminated.
2. Total productive maintenance(TPM).

All activities to prevent any machine

breakdown or human error should be done as often as possible.
3. Simplified materials flow. The use of a Kanban system to smooth production
and eliminate work-in-process inventories. It also explains exactly what operations
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or procedures are needed to complete the product. As well as instructions of exact
routing procedures to eliminate any confusion of where the product is to move.
4. Changeover/setup reduction. The idea of reducing the amount of time to
exchange processes or product lines. Actual down time of machines between lots or
individual products.
5. Lot size reduction. The optimal lot size is one. One product should move
through the system at an even and smooth pace.
6. Level production schedule. The best way to alleviate any problems with
incoming demand is to level it out so the process requires no work-in-process or
inventories.
7. Product orientation. The correct product is to be manufactured for the correct
reason and demand.
8. Training/education.

Every employee needs to know the whole production

process and why it is successful. Continuous learning is required to keep up with
continuous changes in the process.
9. Discipline/corporate culture. The right state of mind needs to be adapted to all
employees and management. All activities and procedures need to resemble the
culture that is instilled into the company. In addition, a strong sense of trust needs
to be experienced by employees and management.
Total Quality Management principles that relate to a Just-in-Time environment include:
1. Broad scope. Long-term perspective and organization wide commitment to
quality.
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2. Quality focus. Emphasis on defect prevention rather than post-production
detection, which involves reworking, scraping, and lost sales. There needs to be
more feed forward control to eliminate these instances.
3. Customer focus. External focus based on what the customer wants as well as an
internal focus of how to treat employees.
4. Systems perspective. Awareness of entire input/transformation/output

systems

and processes by all individuals in the organization.
5. Training. The continuous upgrading of skills and knowledge.
6. Involvement and Empowerment. The act of involving all levels of employees,
suppliers, and management to making organizational decisions.
7. Open communications.

Carried out by decreasing the amount of organizational

levels and barriers, as well as making the divisions between functions and
employees more permeable.
8. Process modeling and measurement. The use of data-driven problem solving,
statistical tools, process engineering, and benchmarking.
9. Top management support and leadership. Top managers need to commit and
show involvement in the use of Total Quality Management.
10. Acceptance to change, rather than dedication to status quo. Based on the
premise that change is a natural. Continuous search for ways to improve and to take
a chance.
As the data is recovered and analyzed, the basic philosophy of Just-in- Time and
Total Quality Management will be used as a model to base any conclusions from.
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The research design is based from many companies in the USA. The companies
included those involved in steel, steel products, electronics, automotive, and optical
industries. The surveys were sent to certain companies that Just-in-Time manufacturing
was highly probable of occurring. The names and addresses of companies where developed
randomly from the database of APICS membership directory in the USA. Eighty-one
questionnaires where usable after 137 were sent out. A rate of59.12% were received to
perform analysis with. Any questions that were not answered were disregarded for that
item. Any statistical computations that had missing data was ignored.
Statistical computations will be applied as necessary to determine differences
between populations. Two tests will be used to analyze data, the two tailed t-test, and the
Mann- Whitney two tailed test. Both tests are based off of a confidence level of 95%. The
t-test will compare two separate samples to determine if any differences are evident. The
results of p-values will be between 0 and 1. A p-value of .05 or less will reject the null
hypothesis, implying that there is a significant difference between the two samples at a 95%
confidence level. The Mann-Whitney two tailed test is based off independent samples. It is
used to test the null hypothesis if the first sample is the same as the second sample. This
test is used in case the normal population assumptions are not justified. Values are
described as either reject or accept null hypothesis.

QUESTIONNAIRE
The questionnaire was borrowed from a previous study completed by Dr. Gyu Chan
Kim of North em Illinois University(Comparison Study of Short-Run SPC Techniques in
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JfT Manufacturing Environment). The data that was collected in this study had many
questions directed toward Just-in- Time manufacturing and some on automation techniques.
The survey was suitable for comparing data and making conclusions on automation
techniques. The questionnaire composed of sixteen questions that where mildly
difficult(appendix A.) Caution was taken not to ask for information that would expose any
organizational secrets of the company answering the questions. The idea was to extract the
most information from a firm to help the research but yet not hurt the firm so they would
not answer some of the questions or the entire questionnaire. The questions were formatted
as either "yes or no" or a ranking order of 1-5 of which one best describes the situation.(For
example, "Which size best describes the rate of growth: I-small, to 5-large.")

ANALYSIS OF DATA
All responses on the questionnaires were coded and entered to process data for
presentation and statistical analysis. Several hypotheses were tested by using t-tests and
Mann- Whitney tests to compare the differences in the mean values of two populations at a
95% confidence level. The population comparisons for t-tests as well as Mann-Whitney
tests are shown in Tables 4,5, 7, 9, 10,11, 12, 13 in appendix B.
Understanding the basic industries and businesses that have been represented in this
survey can be described in several ways. A few characteristics that are important to
understanding the data are described briefly. First, the respondents of the survey consisted
of9.87 % Steel industry, 16.05% Steel product, 23.46% Electronics, 16.05% Automotive,
4.94% Optical, and 29.63% as tooling, computers, pharmaceutical, food, and
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jobshops(TABLE

I in appendix B.) This is a diverse group of industries represented in the

survey. Although it does not encompass all industries, it does include the major industries
new and old. The diversity of the group allows for the research to make broad statements
about the results that will be found. The results, meaningful in respect to Just-in- Time
systems as a whole, might not resemble those individual industries fully. However, it
would be interesting to focus research into one industry.
Four major hypothesis tests will be conducted to identify significant differences in
process elements related to setup/changeover procedures that exist between organizations in
terms of: Size, Just-in-Time implementation, years of Just-in-Time experience, and
automation techniques. Hypothesizes were judged on ten separate criterion as a result of
implementation of a Just-in- Time philosophy. These include: Lot sized reduction, setup
time reduction, inventory level reduction, process stability, process capability, quality,
degree of SPC understanding, quality of supplier's product, supplier's process stability and
productivity. The respondents were asked to rank each one of these criterion based on
improvements as resulted with the implementation of a Just-in- Time setup/changeover
procedures. The ranking was determined as: l-Not improved at all, 2-slightly improved, 3moderately improved, 4-reasonably improved, 5-extremely improved, 9-not related.
The first objective will test if significant differences exist between a firm that
employs less than 500 employs(small) and a firm with greater than 500 employees(large.)
This test is attempting to verify that larger firms will have higher expected improvements
made to setup/changeover procedures in a Just-in- Time environment. The survey revealed
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that 54.32% of the plants have over 500 employees(TABLE 2 in appendix B.) The
hypothesis is as follows:
HI. There are no significant differences that exist between large and small firms in
terms of effectiveness in setup/changeover procedure.
The results of the t-tests and Mann-Whitney tests reveal that large firms have
statistically significant differences than smaller firms for improvements made to Just-inTime setup/changeover procedures(TABLE 3 in appendix B.) Only three of the ten
criterion were proven to be statistically different at a 95% confidence level for t-tests(pvalues less than .05.) These included: Process capability, SPC understanding, and quality of
supplier's product. Two of the ten criterion in the Mann-Whitney tests reveal that
significant differences exist in process capability and SPC understanding.
The second objective is to determine if Just-in- Time users experience larger
improvements in setup/changeover procedures that non-Just-in-Time firms. Current Justin-Time implementation in the USA shows that of the 81 companies surveyed, 55.55% of
them are actually utilizing Just-in-Time manufacturing(TABLE 4 in appendix B.) Based
on the random selection of questionnaires this number seems quite low. The survey was
attempting to target those firms that were Just-in- Time users. However, the value is close to
50% which will provide a good representation for the t-tests that will be performed on the
data. T-tests and Mann-Whitney tests were performed on the following hypothesis:
H2: There are no significant differences that exist between Just-in- Time firms and
non-Just-in- Time firms in terms of effectiveness in setup/changeover procedures.

12

The resulting p-values are on TABLE 5. Based on the results, six of the ten
criterion reject the null hypothesis in both t-tests and Mann-Whitney tests(p-value of .05 or
less). Meaning that Just-in- Time firms reveal a statistically significant difference in the
areas of: lotsize reduction, setup reduction, process stability, process capability, quality of
supplier's product, supplier's process stability. On the other hand, inventory reduction,
quality, SPC understanding, and productivity do not show statistically significant
differences between Just-in- Time and non-Just-in- Time firms.
The third objective is to test if firms that have implemented a Just-in- Time
philosophy for greater than fIve years exhibit larger improvements to setup/changeover
procedures than do firms with less experience(less than fIve years.) As shown in TABLE 6,
59.09% of the firms surveyed have implemented Just-in-Time philosophy for over five
years. The hypothesis is as follows:
H3. There are no significant differences that exist between firms with greater than
five years experience in Just-in- Time implementation
setup/changeover

in terms of effectiveness in

procedures.

The results of the t-tests show that firms that operate for over five years in a Just-inTime environment have significant differences in only process capability(Table 7.)
Remaining p-values in both t-test and Mann-Whitney tests resulted in over .05 accepting the
null-hypothesis.

Suggesting that nine of the ten criterion do not have a substantial effect on

setup/changeover procedures in a Just-in- Time environment.
The fourth objective of this research is to determine if automation techniques
provide increases in the effectiveness of the ten setup/changeover procedures criterion.
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Here we want to see if automated techniques can reduce the amount of time and decrease
costs of the process in a Just -in-Time environment. The statistical format for the automated
techniques will be either: Implemented or not implemented. The five automation
techniques emphasized in this research are: Fail safe system, Pokayoke, Jidoka, Andon
lights, and standardization. The usage of these techniques by the surveyed population are
10w(TABLE 8.) The most commonly used automation technique is standardization at
93.75%. The second highest is fool-proof method at 65%. The remaining techniques were
used at a rate under 50% of the firms surveyed. From the data, Just-in-Time manufacturing
firms are using more automated techniques than non Just-in- Time firms. However, some
non Just-in- Time firms are implementing some of the automated techniques in their
traditional manufacturing methods. Five different methods of automation will be tested
independently as sub-hypothesizes. Beginning with the Fail-Safe system:
H4. Implementation

of a Fail-Safe system in a Just-in- Time environment

improve the effectiveness of the setup/changeover

will not

procedures.

The resulting p-values for t-test and Mann-Whitney tests show that a fail safe
system is statistically different in the areas of SPC understanding, quality of supplier's
product, and Supplier's process stability(TABLE 9.) The remaining criteria have accepted
the null-hypothesis, and have determined that no statistical differences exist between firms
that implement a fail safe automation technique and those that do not, with respect to
improvements in the setup/changeover procedures.

14

The second sub-hypothesis attempts to provide results on whether fool-proof
automation technique will provide improvements in the setup/changeover procedures. The
sub-hypothesis is as follows:
H5. Implementation

ofa fool-proof(pokayoke)

system in a Just-in-Time

will not improve the effectiveness of the setup/changeover

environment

procedures.

The t-tests reveal p-values ofless than .05 for four of the ten criteria including:
Lotsize reduction, process capability, quality of supplier's product and supplier's process
stability(TABLE

10 in appendix B.) Which suggests that statistically significant

differences are present in the effectiveness of the setup/changeover procedures for those
criteria when fool-proof automation techniques are used. In addition, Mann-Whitney tests
conclude that only three of the ten criteria show statistically significant differences between
firms that implement a fool-proof automation technique and those that do not. The criteria
include: Process capability, quality of supplier's product and supplier's process stability.
The remaining criteria represent p-values higher than .05 resulting in the acceptance of the
null-hypothesis.
The third sub-hypothesis attempts to prove that implementation of Jidoka will make
improvements in the setup/changeover procedures in a Just-in- Time environment. The subhypothesis is as follows:
H6. Implementation

ofa Jidoka(autonomation)

system in a Just-in-Time

will not improve the effectiveness of the setup/changeover

environment

procedures.

The resulting p-values for the t-test and Mann-Whitney tests that are under .05
include: Process stability, process capability, and productivity(TABLE 11.) Statistically
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significant differences are evident when a Jidoka system is implemented for these three
criteria. The remaining criteria do not show statistically significant differences at the 95%
confidence level that Jidoka provides improvements in the effectiveness of the
setup/changeover procedures.
The fourth sub-hypothesis attempts to prove that implementation of Andon lights
will provide benefits in the setup/changeover procedures in a Just-in- Time environment.
The sub-hypothesis is as follows:
H7. Implementation of Andon lights(line-stop} in a Just-in-Time environment will not
improve the effectiveness of the setup/changeover procedures.
The t-tests conclude p-values ofless than .05 for values in four of the ten criteria.
This means that statistically significant differences are evident for improving the
effectiveness of the setup/changeover procedures in: setup reduction, process stability,
process capability, and supplier's process stability. Mann-Whitney tests provide that three
of the ten criteria reject the null-hypothesis. Concluding that statistically significant
differences are evident for providing improvements in setup/changeover procedures in the
following criteria: Setup reduction, process stability, and supplier's process stability. The
remaining criteria exhibit p-values above .05, resulting in the acceptance the null-hypothesis
for implementation of Andon lights in the Just-in- Time environment.
The last sub-hypothesis attempts to prove that implementation of the automated
technique of standardization will provide benefits in the setup/changeover procedures in a
Just-in-Time environment. The sub-hypothesis is as follows:
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H8. Implementation

of standardization

in a Just-in- Time environment

improve the effectiveness of the setup/changeover

will not

procedures.

The resulting p-values for t-test and Mann-Whitney tests are displayed on TABLE
13 in appendix B. Based on the p-values of the t-tests, implementation of standardization
has statistically significant differences in inventory reduction and productivity in a Just-inTime environment. Mann-Whitney tests conclude that none of the criteria provide a
statistically significant difference in improving the effectiveness of the setup/changeover
procedures. Resulting in acceptance of all the null-hypothesizes.
Overall the implementation of automated techniques in a Just-in- Time environment
have statistically significant differences in all criterion of the setup/changeover procedures
except quality. This reveals that the use of automated techniques in a Just-in- Time
environment will have some improvements in the effectiveness of the setup/changeover
procedures. However, in order to establish benefits, all automated methods need to be
employed.

CONCLUSION
This study attempted to determine overall effectiveness of Just-in- Time
implementation and automation techniques in a Just-in- Time environment. Several
hypothesizes were tested to fmd the current status of Just-in- Time manufacturing in the
USA. In addition, evaluation of reduction of setup/changeover times associated with
implementation of Just-in- Time philosophy and automation techniques was determined.
Just-in- Time Implementation
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Three hypothesizes were made to determine if Just-in- Time implementation
improved the overall effect of the setup/changeover procedures based on the ten criteria of
the questionnaire. The first of the three hypothesizes found evidence that Just-in-Time
firms have significant differences from non Just-in- Time firms. The strongest result found
from the research is implementation of a Just-in- Time philosophy has statistically
significant differences in six of the ten criteria of improving setup/changeover reduction
times. This concludes that firms that implement the Just-in- Time philosophy will improve
overall reductions in setup and changeover time. A less significant fmding of the research
indicates that the size of a firm and the number of years Just-in- Time is implemented
produces only a few rejection rates of the null-hypothesizes. These fmdings can conclude
that firms that implement a Just-in- Time philosophy for more than five years will not
experience added reductions in setup and changeover times. In addition, the size of the firm
does not affect its ability to reduce setup/changeover times. Small firms, as well as large
firms statistically experience the same reductions in setup/changeover time reduction. This
research does agree with many authors and researchers that the Just-in- Time environment
provides reductions for setup and changeover times.
Automation Techniques in A Just-in- Time Environment
The second objective of the study was to determine if automated techniques
implemented in a Just-in- Time environment would reduce setup and changeover times.
Based on the results, all five automation methods produced rejections for some of the nullhypothesizes. However, because the amount of rejections are low, there is no significant
difference that exists between automated Just-in- Time firms and non-automated Just-in-
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Time firms in terms of setup time reduction and changeover. The research exhibits no
defmite proof that utilizing automation techniques will provide reduced setup and
changeover time in a Just-in- Time environment.

The fmdings have determined that non-

automated Just-in- Time firms are just as likely to gain reductions of setup and changeover
times as automated firms. Finns in the USA are not benefiting from the use ofthe new
automation techniques to reduce their current setup/changeover times in the Just-in- Time
environment.
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APPENDIX A
Sample Questionnaire:
Please respond to the following questions by either writing the answer or by a check mark. Feel free to write in comments at any point.
I. What is your company's line of business?
I. Steel 2. Steel Product 3. Electronics
5. Optical 6. Others

4. Automotive

2. Please indicate the number of employees in your plant.
I. Below 10 2.10 - 30
3.30 - 50 4.50 - 100
5. 100 - 200 6.200 - 500 7. Above 500
3. Is a Just-in- Time (TIT) manufacturing

system being used in your plant?

I. No
2. Being developed
3. Yes (In some areas)
4. Yes (In most areas)

9. Don't know

4. How long has your plant been implementing ill manufacturing system?
I. Less than a year
3. Three to five years
9. Don't know

2. One to three years
4. More than five years

5. How many percentage of your production workers have joined the union?
I. 70 % - 90 %

2. 50 % - 70 %

3.30%-

6. Is your plant currently implementing
possible.)
_ Business Reengineering
_ Restructuring
_ Empowerment

50%

4. Less than 30 % 5. No union

or has implemented any of the following management

_ Downsizing
_ Benchmarking
Others

9. Don't know
techniques?

(Please check as many as

_

7. How many percentage of employees in your plant have graduated from the college?
I. Below 10%

2. 10- 30%

3. 30 - 50%

4. 50 - 80%

5. Above 80%

9. Don't know

8. Is your plant using Dr. Shewhart's approach of statistical
process control chart?
I. No
2. Being developed
3. Yes (In some processes) 4. Yes (In most processes)
9. Don't know
9. Have you heard of any types of Short-run statistical process control (SPC) techniques?

I. Yes 2. No

10. Is your plant using any types of Short-run statistical
process control (SPC) techniques?
I. No
2. Being developed
3. Yes (In some areas)
4. Yes (In all areas)
9. Never heard about it.
II. Please indicate the types of Short-run SPC techniques that are used, if any, in your plant. (Please check as many as possible.)
-- Nominal Chart
-- Difference Chart

-- Target Chart
-- Code Value Method

12. Do you agree that any types of Short-run statistical process control (SPC) techniques are absolutely necessary in JIT manufacturing
system?

1. No
2. Yes (In some processes)
3. Yes (In most processes) 9. Never heard about it.
13. Please indicate other types of quality control techniques that are used, if any, in your plant. (please check as many as possible.)
_ Fail-Safe System
_ Jidoka (Autonomation)
Standardization
Fishbone Chart
_ Others (

_ Fool-Proof (pokayoke)
_ Andon Lights (line-Stop)
Pareto Chart
Check Sheet

14. Please check the responsibilities of your production workers.
_ Daily checks and maintenance of machines
_ Inspecting and maintaining production process
_ Analysis of causes of defects
Perform corrective action
_ Monitoring operations for process standards
_ Inspecting incoming parts
_ Inspecting fmished products
_ Seiri, Seidon, Seiketsu, Seiso

15. Please indicate to what extent each of the following criterion has been improved as a result of the implementation
procedure.
I. Not improved at all
3. Moderately improved
5. Extremely improved

of JIT setup

2. Slightly improved
4. Reasonably improved
9. Not related

a. Lot size reduction
b. Setup time reduction
c. Inventory level reduction
d. Process Stability
e. Process capability
f Quality
g. Degree of SPC understanding
h. Quality of supplier's product
i. Supplier's process stability
j. Productivity

2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5

9
9
9
9
9
9
9
9
9
9

16. Please rate how important each of the following factors is as a barrier to the implementation of Short-run SPC techniques in your plant.
I. Not important at all
3. Moderately important
5. Extremely important

2. Slightly important
4. Reasonably important
9. Not related

a. Resistance of new technique
b. Lack of manufacturing support
c. Lack of engineering support
d. Lack of education and training

2
2

3
3

2

3

2

3

4
4
4
4

5
5
5
5

9
9

9
9

Thank you very much for taking the time to fill out this questionnaire. Please seal your completed questionnaire in the enclosed
self-stamped envelope and mail it. Thanks again.

APPENDIXB
TABLE 1
Line of Business'
Steel=
Steel Product=
Electronics=
Automotive=
Optical=
Others=

9.87%
16.05%
23.46%
16.05%
4.94%
29.63%

Tooling, computers, pharmaceutical,
food, and jobshops.

TABLE 2
N urn b ero fE mpioyees
I
. PI an :
in
Below 10=
3.70%
10-30=
3.70%
4.94%
30-50=
50-100=
8.64%
100-200=
3.70%
200-500=
20.99%
54.32%
Above 500=

TABLE 3
Hypothesis Test 1
Large(>500 employees) Vs. Small«500 employees) Firms
T -test
Mann - Wh'rtney
P-Values Result
P-Values
Result
0.167 Accept
Lotsize Reduction
0.13 Accept
0.47 Accept
Setup Reduction
0.5192 Accept
Inventory Reduction
0.71 Accept
0.6814 Accept
Process Stability
0.58 Accept
0.6904 Accept
Process Capability
0.024 Reject
0.0271 Re.iect
0.43 Accept
Quality
0.5825 Accept
0.Q18 Reject
SPC Understanding
0.024 Reject
Quality of Supl. Prod.
0.043 Reject
0.0584 Accept
Supl. Process Stab.
0.13 Accept
0.1183 Accept
0.15 Accept
Productivity
0.1403 Accept
Total Hypothesizes Rejected=
3
2

TABLE 4
J ust-in. Tiune M anu f:actunn
No=
Being Developed=
YesCsome areas)=
Yes(most areas)=
Don't know=

Ssystem U tllilization:
41.96%
2.47%
44.44%
11.11%
0.00%

TABLES
Hypothesis Test 2
Just-in- Time vs. Non-Just-in- Time Finns
T -t es t
P-Values Result
Lotsize Reduction
0.024 Re.iect
Setup Reduction
0.019 Reject
0.11 Accept
Inventory Reduction
Process Stability
0.0015 Reject
Process Capability
0.002 Reject
Quality
0.11 Accept
SPC Understanding
0.085 Accept
Quality of Supl, Prod.
0.026 Reject
Supl, Process Stab.
0.018 Reject
Productivity
0.2 Accept
Total Hypothesizes Rejected=
6

TABLE 6
. T'ime
Lengt h 0 f Tinne J ust-mLess than a yr=
One to Three yrs=
Three to Five yrs=
More than five yrs=
Don'tknow=

M ann- Wh'tI ney
P-Values
Result
0.0362 Reject
0.0219 Reject
0.0937 Accept
0.0031 Reject
0.004 Reject
0.1657 Accept
0.1303 Accept
0.0317 Reject
0.0136 Reject
0.2079 Accept
6

H as B een Implemented at Plant:
4.55%
15.91%
18.18%
59.09%
2.27%

TABLE 7
Hypothesis Test 3
Plant Operating >5 Years in Just-in- Time
T -test
M ann- Whi tney
P-Values Result
P-Values
Result
0.31
Accept
Lotsize Reduction
0.2966 Accept
Setup Reduction
0.22 Accept
0.2879 Accept
Inventory Reduction
0.99 Accept
0.8224 Accept
Process Stability
0.9 Accept
0.871 Accept
Process Capability
0.047 Reject
0.0498 Reject
0.49 Accept
0.483 Accept
Quality
0.3233 Accept
SPC Understanding
0.28 Accept
Quality of Supl, Prod.
0.66 Accept
0.7477 Accept
Supl, Process Stab.
0.72 Accept
0.7371 Accept
0.4 Accept
0.3358 Accept
Productivity
Total Hypothesizes Rejected=
1
1

TABLE 8
A utomation T ec hniiques U se db y F·lTIns
Fail-Safe=
45%
Fool-Proof=
65%
Jidoka=
46%
Andon Lights=
46%
Standardization=
94%

TABLE 9
Sub-Hypothesis Test 4
Implementation of Fail-Safe in Just-in- Time Environment
Tt- est
M ann- Wh·itney
P-Values Result
P-Values
Result
0.46 Accept
Lotsize Reduction
0.5053 Accept
Setup Reduction
0.8439 Accept
0.86 Accept
Inventory Reduction
Accept
0.7861 Accept
0.76
Process Stability
0.2684 Accept
0.25 Accept
Process Capability
0.3003 Accept
0.28 Accept
Quality
0.97 Accept
0.7891 Accept
SPC Understanding
0.028 Reject
0.0466 Reject
Quality of Supl. Prod.
0.0071 Reject
0.0102 Reject
Supl. Process Stab.
0.018 Reject
0.0188 Reject
Productivity
0.17 Accept
0.1758 Accept
Total Hypothesizes Rejected=
3
3

TABLE 10
Sub-Hypothesis Test 5
Implementation of Fool-ProofCPoka- Yoke) in Just-in- Time Environment
T -test
M ann- Wh·itney
Result
P-Values
Result
P-Values
Lotsize Reduction
0.044 Reject
0.0555 Accept
Setup Reduction
0.21 Accept
0.2308 Accept
0.43 Accept
Inventory Reduction
0.5571 Accept
Process Stability
0.069 Accept
0.1009 Accept
Process Capability
0.041 Reject
0.0494 Reject
Quality
0.7981 Accept
0.57 Accept
SPC Understanding
0.1354 Accept
0.068 Accept
Quality of Supl. Prod.
0.0004 Reject
0.0008 Reject
Supl, Process Stab.
0.0043 Reject
0.004 Reject
0.3867 Accept
Productivity
0.38 Accept
Total Hypothesizes Rejected=
4
3

TABLE 11
Sub-Hypothesis Test 6
Implementation of 1idoka<autonomation) in Just-in- Time Environment
T -test
M ann- Whi tney
P-Values Result
P-Values
Result
Lotsize Reduction
0.079 Accept
0.0976 Accept
Setup Reduction
0.62 Accept
0.6674 Accept
Inventory Reduction
0.83 Accept
0.7733 Accept
Process Stability
0.032 Reject
0.033 Reject
Process Capability
0.015 Reject
0.017 Reject
Quality
0.27 Accept
0.3479 Accept
SPC Understanding
0.26 Accept
0.2678 Accept
0.4 Accept
0.3745 Accept
Quality of Supl. Prod.
0.47 Accept
0.4455 Accept
Supl. Process Stab.
Productivity
0.032 Reject
0.0337 Reject
Total Hypothesizes Rejected=
3
3

TABLE 12
Sub-Hypothesis Test 7
Implementation of Andon Lights(line-stop) in Just-in-Time Environment
T -test
M ann- Wh'itney
P-Values Result
P-Values
Result
Lotsize Reduction
0.1037 Accept
0.08 Accept
Setup Reduction
0.032 Reject
0.0352 Reject
Inventory Reduction
0.24 Accept
0.2358 Accept
Process Stability
0.0371 Reject
0.033 Reject
Process Capability
0.0552 Accept
0.05 Reject
Quality
0.53 Accept
0.5978 Accept
SPC Understanding
0.064 Accept
0.1327 Accept
Quality of Supl. Prod.
0.074 Accept
0.059 Accept
Supl. Process Stab.
0.018 Reject
0.0225 Reject
Productivity
0.32 Accept
0.2561 Accept
Total Hypothesizes Rejected=
4
3

TABLE 13
Sub-Hypothesis Test 8
Implementation of Standardization in Just-in- Time Environment
T -test
M ann- Whi tney
Result
P-Values
Result
P-Values
0.56 Accept
Lotsize Reduction
0.6573 Accept
0.39 Accept
0.4724 Accept
Setup Reduction
Inventory Reduction
0.046 Reject
0.055 Accept
0.39 Accept
Process Stability
0.527 Accept
Process Capability
0.91 Accept
0.6278 Accept
0.3444 Accept
Quality
0.18 Accept
SPC Understanding
0.66 Accept
0.7283 Accept
0.31 Accept
0.3906 Accept
Quality of Supl. Prod.
Supl, Process Stab.
0.82 Accept
0.8887 Accept
Productivity
0.027 Reject
0.0544 Accept
Total Hypothesizes Rejected=
2
0

